Background: To identify and quantify the impact of climate change on socio-economic sectors and ecosystems, many global studies have been carried out and policy changes for mitigation and adaptation were recommended. However, the old-fashioned top-down approach, global study, has little local and regional specificity and has failed to address the regional and local consequences of climate change. Thus, this research was conducted in filling such knowledge gaps in Lake Tana sub-basin. The research was aimed at addressing the national and local issues of climate change and was done by analyzing time series temperature and rainfall trends in the highlands of Ethiopia and LTSB in particular. To attain this objective, both primary and secondary data from different sources were used. The collected data were analyzed following quantitative and qualitative analysis methods and Manna Kendall Trend test method was used.
Background
The Intergovernmental Panel on Climate Change (IPCC) in its fifth assessment synthesis report observed that warming of the climate system is unequivocal, and since the 1950s, many of the observed changes are unprecedented. Human influence on the climate system is clear and recent anthropogenic emissions of greenhouse gases are the highest in history and recent climate change have had widespread impacts on life and life support systems (IPCC 2014) . In the IPCC fourth assessment report, it was also clearly stated that the warming of the climate system is explicit by the existing evidences from observations of widespread melting of snow and ice, increases in global average air and ocean temperature and rising global sea level.
Climate change negotiations and plans have so far been exclusively targeted on GHGs mitigation. Regardless of widespread and long-standing demand from developing countries for greater emphasis on adaptation strategies, the climate change conventions and negotiations have only recently started paying serious attention to adaptation aspects of climate change strategy actions. The United Nations Framework Convention on Climate Change (UNFCCC 2006) refers to adaptation only in the context of the actual climate change situations. It implies that without greenhouse gas emissions, there is no climate change and hence no need for adaptation measures.
Based on this, widely accepted interpretation, adaptation measures are urgently important since mitigation of greenhouse gases will not completely halt climate change related hazards. Adaptation measures are so essential to deal with the unavoidable adverse consequences of climate change to which the world is already committed (IPCC 2007a) .
For vulnerable communities, adaptation measures should be based on their livelihood characteristics. By taking into consideration of the dynamics of the poor and their livelihoods, it is clear to understand how they will be affected by climate change hazards, how they might respond with the resources they have, and how these conditions can be replicated and built upon for successful adaptation strategies. By protecting and enhancing the natural services that support source of revenue, exposed communities can continue local safety nets and expand the range of options for adaptation with troublesome shocks and trends (IPCC 2003) . Agriculture is the most susceptible sector to climate change related hazards. This is due to the fact that climate change affects two of the most important direct agricultural production inputs and these are precipitation and temperature (Philip et al. 2014) . Climate change also indirectly affects agriculture by influencing emergence and distribution of crop pests and livestock diseases, worsening the frequency and dissemination of adverse weather disorders, decreasing water supplies and irrigation; and enhancing severity of soil erosion (Watson 2001; IPCC 2001a, b) .
Any minor changes in rainfall intensity or amount impose a severe challenge on the rural people since its main livelihood depends on agriculture which mostly relies on summer monsoon. This is because modeling or predicting climate change impact on predominantly subsistent farmers at global level is a very difficult task due to the lack of ordinary descriptions, lack or difficulty to get benchmark data, unique location, and the households' ability to integrate on-farm and off-farm activities, and lastly the farmers' susceptibility to a range of stressors (IPCC 2007b) . The overall objective of this research was, therefore, to fill such research gaps thorough analyzing time series temperature and rainfall trends in the highlands of Ethiopia and LTSB in particular.
Methods

Description of the study area
Ethiopia is located in Northeastern or East Central Horn of Africa lying between 3° and 15° north latitude, 33°-48° east longitude (Fig. 1) . Ethiopia is bordered in the east by Somalia and Djibouti, in the south by Kenya, in the north and northeast by Eritrea and in the west by the North and South Sudan. The country has a total area of about 1.1 million km 2 and comprises of 12 river basins with varying size and water resource potential (CSA 2007) . Blue Nile basin (Locally called the Abay Basin), the largest river basin in Ethiopia, is one of those basins which consist of Lake Tana Sub-basin. Lake Tana is the largest freshwater and oligotrophic-high altitude lake in the world (CSA 2007) . This study was conducted in Lake Tana Sub-basin (LTSB) which is designated as one of the development corridors in the country and huge investments are being incurred to promote large scale farmer managed irrigation and also to generate hydroelectric power. It is found in the Amhara National Regional State (ANRS) and is situated within the upper reaches of the Blue Nile River. It is located within latitudinal and longitudinal ranges between 10°58′N to 12°47′N and 36°45′E to 38°14′E, respectively. It covers a total area of 1,589,654.98 ha.
Data collection National Center for Environmental Predictions (NCEP) data
Observations are from many different sources, including satellites, ships, ground stations, and radar. Currently, earth system research laboratory, physical sciences division (PSD) makes available these reanalysis datasets to the public in standard netCDF file format at the website: http://journals.ametsoc.org/doi/pdf/10.1175/1520 0477(1996)077%3C0437%3ATNYRP%3E2.0.CO%3B2. Reanalysis is a method to reconstruct the past state of the atmosphere and oceans in a coherent way by combining available observations with numerical models. These reconstructions are created with model based data assimilation methods which are similar to those used for numerical weather prediction (Compo et al. 2011 ). NCEP Reanalysis is also scientific method for developing a comprehensive record of how weather and climate are changing. The meteorological observation data were grouped based on the respective agro-ecology and the representative data were taken for climate trend analysis of the study area. XLSTAT computer software program was employed to analyze the trend analysis and to consider the seasonal component of rainfall at the same time. Hence, to describe a trend of time series, Mann-Kendall trend test was used to see whether there is a decreasing or increasing trend. Mann-Kendall statistics (S) is one of the non-parametric statistical tests used for detecting trends of climatic elements. Mann-Kendall trend test is also the most widely used methods since it is less sensitive to outliers (extraordinary high values within time series data) and it is the most robust as well as suitable for detecting trends in rainfall (Keradin et al. 2013 ).
Data analysis
A score of +1 is awarded if the value in a time series is larger, or a score of −1 is awarded if it is reduced. The overall score for the time-series data is the Mann-Kendalll statistic which is then compared to a critical value to test whether the trend in rainfall or temperature is increasing, decreasing or if no trend can be observed. The strength of the trend is proportional to the magnitude of the Mann-Kendall Statistic. Sgn(Xj −X k) is an indicator function that results in the values 1, 0, or −1 according to the significance of Xj − Xk where j > k, the function is calculated as follows:
where Xj and Xk are the sequential rainfall or temperature values in months J and K (J > k) respectively; whereas, a positive value is an indicator of increasing (upward) trend and a negative value is an indicator of decreasing (downward) trend.
In the equation, X1, X2, X3,…,Xn represents 'n' data points (monthly), where Xj represents the data point at
Then the Mann-Kendall statistics (S) is defined as the sum of the number of positive differences minus the number of negative differences, given by:
where Trends considered at the study sites were tested for significance. A normalized test statistic (Z-score) is used to check the statistical significance of the increasing or decreasing trend of mean precipitation and temperature values. The trends of temperature are determined and their statistical significance is tested using Mann-Kendall trend significant test with the level of significance 0.05 (Z_α/2 = ± 1.96). Hypothesis testing H o = μ = μo (there is no significant trend/stable trend in the data) H a = μ_μo (there is a significant trend/unstable trend in the data) If −Z 1−α/2 ≤ Z ≤ Z 1−α/2 accepts the hypothesis or else reject the null hypothesis. Powerfully increasing or decreasing trends indicate a higher level of statistical significance (Keredin et al. 2013 ).
Results and discussions
Rainfall and temperature trends in Ethiopia
Analysis of the 40 years annual total rainfall data from 109 representative ground based meteorological stations in Ethiopia indicated a coefficient of variation ranging from 20 to 89 %. Of the 109 stations considered, 17 had above 52 % coefficient of variation highlighting the extreme variability of rainfall over the country (Fig. 2 ). According to Hare (2003) , CV is used to classify the degree of variability of rainfall events as less (CV < 20), moderate (20 < CV < 30), and high (CV > 30). Based on this, Ethiopian rainfall is highly variable, especially in the area where agricultural dependent rural people are
densely populated (highland regions). Moreover, rainfall variability is also higher for most of the stations in the area where agricultural activities are the main livelihood. For the highest rainfall dependent Ethiopian agriculture, the amount and distribution of the rainfall during the crop growing seasons are critical (Gebre et al. 2013) . They also stated that in Ethiopia, the start and end of the rain, its patterns of distribution, frequency and probability of dry spells in the growing season, most commonly summer, are key factors affecting planning, performance, and management of agricultural operations. This is because unusual rainfall amount and distributions usually lead to poor harvest and/or complete crop failure and shortage of pasture and animal feeds.
According to the rainfall data analysis, the mean annual rainfall ranges from 2000 mm in the highland areas in the southwest part and less than 250 mm in the eastern and southeastern lowland parts of the country. In general, annual precipitation ranges from 800 to 2200 mm in the highlands (>1500 m above sea level.) and varies from less than 200 to 800 mm in the lowlands (<1500 m above sea level). Rainfall also decreases northwards and eastwards from the high rainfall areas in the southwest (Fig. 3) . The distribution of rainfall is also uneven for both rain seasons. The summer rainfall covers most of the highlands of the country and lasts from the months of June to September for a year. The results of the long year rainfall analysis show that summer rainfall amount has been declining. On the other hand, the southern parts of the country are 500.00 1000.00 1500.00 2000.00 2 500.00 3000.00
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Fig. 2 Mean annual amount of rainfall and its coefficient of variation (CV)
receiving maximum rain during the months of March to May and a similar trend has recorded. Recorded meteorological data analysis of temperature also indicates that increasing trends have been observed almost in all parts of the country. Based on the NCEP reanalysis datasets for climate diagnostics, products from IPCC data distribution center by assimilating climate observations, satellite, ground stations, observations above the top of the atmosphere and radar indicate that the mean monthly temperature of Ethiopia is increasing (Fig. 4) .
Similar studies by the UNDP climate change profile for Ethiopia (2008) , also show that the mean annual temperature increased by 1.3 °C between 1960 and 2006. The temperature increase has been most rapid from July to September (0.32 °C per decade). It is also reported that the average number of hot days and the number of hot nights per year between 1960 and 2006 has increased by 73 and 137, respectively. The rate of temperature change was highest in rainy season in the months of June, July and August.
Annual and monthly rainfall trends and MT in LTSB
The monthly and annual rainfall analysis from the meteorological stations of LTSB was made based on the availability and reliability of the observed gauge stations. The meteorological stations such as Bahir Dar, Yifag, Hamusit, Zeghie and Dangla are from the lower subbasin (LSB) and the remaining stations are from the upper sub-basin (USB). Accordingly, Bahir Dar meteorological station from the lower and Debre Tabor station from the upper sub-basin have recorded reliable rainfall data for 52 and 40 years, respectively. Moreover, JuneSeptember is the major rainy season (Kiremt), during which period 87-96 % of the annual rainfall has received.
In the USB, during the other months also some amount of rainfall has occurred. The month of July has the highest rainfall in both sub-basins, while in case of the USB; it is August where maximum rainfall comes. After the summer (Kiremt) season ends, the remaining rainfall usually have occurred during the winter season (Bega), and in spring (Belg) season, while in case of the LSB, the rainfall during the Bega and Belg season were very little (Fig. 5) .
The monthly mean rainfall amount in the past three decades from the ten stations was aggregated and average values were taken for analysis in the upper and lower sub-basin. Based on these data, the mean, minimum and maximum rainfall amount are higher in the months of June, July, August and September (Table 1) . These months are also known as summer season or monsoon rainy season. The agricultural population of the LTSB is totally dependent on this rainfall amount for their crop and livestock production. A slight fluctuation in the rainfall amount, intensity, onset and offset days, directly influences the agricultural activities (NMSA, 2007) .
The monthly mean average rainfall of the LTSB also deviated from the mean more in the summer season. But, the coefficient of variations has been relatively small and implying that constant amount of rain comes for most of the times during summer. The correlation coefficient has indicated that the rainfall amount was negatively correlated in the months of April and July for both sub-basins within the periods of the past three decades. It implies that more rainfall decline in those months as compared to the others. Almost for the whole months, the computed slope coefficient is found to be negative, implying that the average rainfall amount declined from time to time across the decades and the slope becomes steeper and steeper by the recent years. It is, therefore, clear that the rain-fed dependent population of LTSB has suffering from surface and ground water shortage for their crop, livestock and for household consumptions. Unless measures should be taken, the adverse impacts of climate change will be more severe on the rural livelihoods since they are the direct victim among the society.
The statistical description of each meteorological station from the upper and the lower sub-basins are stated in Table 2 .
The results of those station data analysis revealed that the general declining trend of annual rainfall was recorded for the last three to four decades. Almost all stations recorded minimum annual rainfall during the third decades and the maximum annual rainfall was recorded in the first and second decades. The range of annual rainfall also has indicated that a high variability of annual rainfall was recorded in most of the stations (Table 2) . Among the LSB stations, the minimum and maximum annual mean rainfall were recorded by Yifag (1023.9 mm) and Dangla (1556.3 mm), respectively. Likewise, from the USB, the minimum and maximum mean annual rainfall was recorded by Maksegnit (1215.6 mm) and Injibara (2828.9 mm), respectively. The average yearly rainfall of the LTSB had a range from 719.3 mm at the Yifag station to 2828.9 mm at Injibara station. These values indicate that there has been high annual rainfall variability across the sub-basins. During the past three to four decades, the rainfall has deviated annually with maximum 422.2 mm from the mean in the case of Debire Tabor station and a minimal deviation of 174.43 mm in the case of Yifag station. The trend on the decadal basis was also analyzed to determine the changes over time within the study period. In order to detect statistically significant changes in the annual rainfall at the sub-basin level and inter stations, a timeseries study was undertaken. The parameter estimate of the slope was then tested for statistical significance using the paired sample t test.
In order to clarify the descriptive information, linear regression was fitted and the slope was determined and paired samples t test was run to check their correlation. The slope has shown a declining trend of rainfall within the stated period. The slope of a line was also used as a measurement of how many units it goes up or down for every year to see the change of annual rainfall conditions. As it is depicted from Table 2, the annual mean rainfall has decreased almost for all stations and it is found to be statistically significant at the 5 % level of significance. This has shown that the climate is changing from time to time within the stated decades. The maximum decline was recorded by Gundil with a slope of −26.4 from the USB and the minimum from Bahir Dar (−3.57) LSB. The negative sign indicates that decline from the slope of each mean annual rainfall record. The coefficient of variance analysis has indicated that a significant annual rainfall variation was recorded from the whole weather stations with maximum at Maksegnit (31 %) and minimum from the Gundil (11 %) station. According to Hare (2003) , category of severity, among the LTSB stations annual rainfall variability recorded by Maksegnit (31 %) and Debre Tabor (30 %) were very severe, Hamusit (22) and Sekela (20 %) were moderately sever and the remaining stations were severe. Significant annual rainfall variability implies that climate change resulted in climate variability and extreme weather conditions. These were also confirmed by the correlation coefficient of the annual rainfall change and variability. All of the weather stations in the sub-basin have shown a negative correlation with the time period in the last three to four decades.
In general, mean annual rainfall straight lines for all stations in LTSB have slopes which were applied to examine the least-square regression lines, compared with the corresponding values of the correlation coefficient and resulted as negative value. From this analysis, it would be noticed that every year that the data has a negative correlation coefficient, the slope of the regression line is negative. It should be apparent from this observation that there is a link between the sign of the correlation coefficient and the side of the least squares line and one variable confirms the other and clearly annual rainfall amount in LTSB shows significant variability and declining trends. As it is indicated in Fig. 6 , there has been a general decreasing trend in the average amount of annual rainfall. The trend line shows that the average amount of annual rainfall has decreased by a factor of 3.947 in the lower sub-basin and by 1.561 in the upper one for each year. As indicated in the trend line equations the slope has a negative value, which implies a decreasing of the average amount of annual rainfall.
This implies that agricultural activities are highly vulnerable to such changes. Since agriculture is the backbone of the county's economy, productivity fluctuation directly influences the growth domestic products (GDP). This should be aggravated because of the low adaptive capacity of the rural poor and their full dependency on rain-fed agriculture for their livelihoods. Therefore, it is clear from the analysis that climate change is vividly happening in Ethiopia as well as the LTSB and appropriate adaptation strategies should be properly designed and implemented.
Annual rainfall Mann-Kendall's trend-test analysis of each station
On running the Mann-Kendall's test (MT) on annual rainfall data, the results in Table 3 are obtained from the ten stations data of the LTSB. The MT is based on the calculation of Kendall's tau (measures of connection between two successive annual rainfall years). The analysis results shows that most of the stations successive annual rainfall years are negatively related. It is found to be statistically significant annual rainfall irregularities 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 Rainfall (mm) LSB USB across the whole recorded years in LTSB at the 5 % level of significance. If the p value is less than the significance level α = 0.05, Ho, (there is no trend), hence, the hypothesis is not accepted. Rejecting Ho indicates that there is a trend in the time series, while accepting Ho indicates no trend is detected. Rejecting the null hypothesis implies that the result is said to be statistically significant at α = 0.05 level of significance (Yifag, Hamusit, Zeghie, Maksegnit, and D/Tabor stations) . For this test result, the null hypothesis is accepted for Bahir Dar, Dangila, Injibara, Sekela and Gundil station data. In these stations, annual rainfall has shown no trend as the computed p-value is greater than the significance level α = 0.05 (Table 3) . The Mann-Kendall's test (MT) gives an interesting insight about the annual rainfall data for the LTSB. The MK test statistic (S) has indicated that there has been a decreasing rainfall trend of most of the stations' data. On further analyzing the 'S' statistics, it becomes evident that there was conformity in magnitude of the statistics when the altitudinal factor is taken into consideration. That is for the stations of Dangila, Injibara, Sekela and Gundil, the 'S' statistics is near to 1200. While the remaining stations, the 'S' statistics is variable and difficult to categorize based on altitude. It might increase by one year and decrease by the other with a different rate and clearly indicates that climate change is reflected by making erratic rainfall in LTSB. On the other hand, Yifag, Hamusit, Zeghie, Maksegnit and Debre Tabor stations annual rainfall record has shown better trends as the computed p-value is lower than the significance level (α = 0.05). Based on the above results, it is of immense importance to discuss the ecological, economic and social impacts that could result if decreasing rainfall trends continue in the future. For rural farmers who have been vulnerable to drought, water stress and erratic nature of rainfall, appropriate adaptation strategies should have to be designed and implemented. The vulnerability of rural households might further be aggravated if extreme rainfall episodes continue in the future and consequently result in drought and surface and ground water losses due to evaporation and over utilization.
Temperature trends and MT of the LTSB
The time series mean monthly temperature was analyzed across the upper and lower sub-basins in the same procedure to that of the rainfall data. The stations which are found in the USB and LSB mean monthly temperature value were aggregated and representative single mean value was taken for each sub-basin analysis. Accordingly, the whole months mean temperature for the last 52 years in the LSB has stated in Table 4 . The slope of the whole months shows that a positive value implying an increase in the mean monthly temperature. The mean, minimum and maximum temperature has recorded in the months of January and May respectively in the LSB. Moreover, December and January were the months of high variations of mean monthly temperature recorded. Moreover, December was the month of high deviation of temperature occurrence. There is also a positive correlation between the monthly mean temperature record and the time period. This might be the case that temperature is increasing from time to time in the LSB as a result of global climate change.
Likewise, the USB stations were combined and analyzed for the long year's monthly mean trend analysis for the last 40 years. In the case of the USB, the minimum and maximum temperatures were in the months of February and March, respectively. It is found to be the month of February when high deviation of mean temperature was recorded. Similarly, the months of December and January time series analysis has shown that the highest variations of mean monthly temperature were recorded. The correlation coefficient indicates that months of April and May showed relatively higher positive correlation. Similar to the lower sub-basin, the upper sub-basin also has a positive slope value indicating that there was a successive mean monthly temperature change for the past 40 years (Table 4) .
Mann-Kendall trend test (MT test) of annual temperature
For the temperature data recorded from the lower and upper sub-basins, the average value was analyzed using the MT test and the results revealed that there has been an increasing trend of the mean temperature in the LSB as the computed p-value is lower than the significance level alpha = 0.05, one should reject the null hypothesis H 0 . It implies that the MT-test is statistically significant for the mean temperature which has shown an increasing trend. However, the minimum and maximum temperature increasing trend analysis is found to be statistically not significant as the computed p-value is greater than the significance level alpha = 0.05, one cannot reject the null hypothesis (H 0 ). In other words, the minimum and maximum temperature increasing trends are not significant in the lower sub-basin (Table 5 ).
In the case of the USB, the minimum temperature showed a significant increasing trend as the computed p-value is lower than the significance level alpha = 0.05. It becomes essential to understand how this may also affect the prevalence of malaria, plant and animal pests as a result of change in the minimum temperature in the USB of Lake Tana. This result is in line with the research outputs of the national meteorological agency. The average annual mean minimum temperature throughout the country indicated an increase of 0.37 °C every decade (NMA 2007) .
On the other hand, the maximum and the mean temperature showed no significant increasing trends as the computed p-value is greater than the significance level α = 0.05, one cannot reject the null hypothesis H 0 . A fitting of linear trend lines showed that there is an increasing temperature trend for all stations, although the slopes are small in magnitude (Fig. 7) .
Conclusions
Ethiopia is vulnerable to climate variability, and climate change is likely to increase the frequency and magnitude of disasters. Adverse impacts of climate change may worsen existing social and economic challenges of the whole country, particularly where people are dependent on resources that are sensitive to climate change and summer rain-fed agriculture. Past and current investments and disaster interventions in the country are more focused on recovery from a disaster than on the creation of adaptive capacity. Increased capacity to manage future climate change and weather extremes can reduce the magnitude of economic, social and human damage. Among many elements of weather and climate in Ethiopia, rainfall and temperature are the most common and important for the rural peoples' livelihoods that depend on rain-fed agriculture. Analysis of the 40 years annual total rainfall data from 109 representative ground based meteorological stations of the country, indicated a coefficient of variation ranging from 20 to 89 %. Of the 109 stations considered, 17 had above 42 % coefficient of variation highlighting the extreme variability of rainfall. However, recorded meteorological data analysis of temperature indicates that increasing trends observed almost in all parts of the country. According to the Mann-Kendall monotonic trend analysis test, the maximum and minimum temperature analysis resulted in a general increasing trend. Whereas, rainfall amount resulted in a general decreasing trend based on the average recorded values of the different stations from the LTSB. To recommend the concerned body, development planners should design strategies and plans by taking into account a declining summer rainfall and increasing temperature impacts on rural livelihoods. were indispensable for the successful completion of the field work. We would like also to acknowledge people who contributed their knowledge and time in data collection and entry processes. 
